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Abstract

Light has become a core component of 5G communication,
particularly in pneumatic and underwater environments. This
paper explores a straightforward, durable, and cost-effective
VLC system for transmitting text data utilizing Li-Fi technol-
ogy, which has emerged as a fundamental element of wireless
communication. Visible light communication (VLC) is em-
ployed to transmit text data. In the VLC system, a light-emit-
ting diode (LED) serves as a transceiver for sending and re-
ceiving data, ensuring low power consumption, high moisture
resistance, and compact size. The prototype successfully ful-
filled the objectives of this research. The VLC text transceiv-
er, utilizing an optical transceiver, was created to illustrate
the operation of the VLC system. The Li-Fi prototype was
developed to showcase the fundamental principle and substan-
tiate the claimed benefits of Li-Fi compared to other technol-
ogies. An Arduino is utilized at the transmitter, connected to
the LED, while another Arduino is employed at the receiver,
linked to the LDR. The rapid speed of data transmission and
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reception is evident in the prototype and can be contrasted
with other technologies.

Keywords: Light Fidelity, Li-Fi, Visible Light Communication, VLC, light-emit-
ting diode, LED, Light Dependent Resistor, LDR, text communication.

Resumen

La luz se ha convertido en un componente esencial de la comuni-
cacion 5G, especialmente en entornos neumaticos y submarinos.
Este articulo explora un sistema VLC sencillo, duradero y ren-
table para la transmision de datos de texto mediante tecnologia
Li-Fi, que se ha consolidado como un elemento fundamental de
la comunicacién inalambrica. La comunicaciéon con luz visible
(VLC) se utiliza para transmitir datos de texto. En el sistema
VLC, un diodo emisor de luz (LED) acttia como transceptor
para el envio y la recepciéon de datos, garantizando un bajo
consumo de energia, alta resistencia a la humedad y un tama-
fio compacto. El prototipo cumplié con éxito los objetivos de
esta investigacion. El transceptor de texto VLC, que utiliza un
transceptor 6ptico, se cre6 para ilustrar el funcionamiento del
sistema VLC. El prototipo Li-Fi se desarrolld6 para demostrar
el principio fundamental y justificar las ventajas del Li-Fi en
comparacion con otras tecnologias. Se utiliza un Arduino en el
transmisor, conectado al LED, mientras que otro Arduino se
utiliza en el receptor, conectado al LDR. La rapida velocidad
de transmisién y recepciéon de datos es evidente en el prototipo
y puede compararse con otras tecnologias.

Palabras clave: fidelidad de la luz, Li-Fi, comunicacién de luz visible, VLC,
diodo emisor de luz, LED, resistencia dependiente de la luz, LDR, comunica-
ciéon de texto.

1. Introduction

VLC is utilized in Light Fidelity (Li-Fi) technology, which uses wire-
less transceiver systems to send and receive data using infrared or
LED light. Li-Fi uses direct modulation methods similar to low-cost
infrared devices, like remote controls. Professor Harald Haas initially
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revealed this technology at a TED Global Talk in July 2011 |1, 2]|. Li-
Fi and Wi-Fi (Wireless Fidelity) technologies differ fundamentally in
that Li-Fi simply requires a light source, but Wi-Fi technology depends
on radio waves. Signals and light waves are used in Li-Fi technology
to transmit data. Since this technology’s capacity is more than twice
that of WiFi, 3G, and 4G, it marks an incredible advancement and
breakthrough in the world of wireless communications. When more
people start surfing, the latter’s limited capacity causes it to become
saturated, resulting in their crashes, speed decreases, and even connec-
tion disruptions. Compared to WiFi’s maximum frequency of 5GHz,
the LiFi spectrum frequency of 200 THz is 100 times quicker and has a
significantly higher data rate per second [3|. The technology of Li-Fi is
strongly recommended for using in many applications across numerous
domains, particularly vital ones [4].

With the introduction of the new 5G technology, many of the worries
regarding the potential adverse effects of 5G on health are primarily
focused on its cellular towers, which differ in design from those that
support current 3G and 4G networks. These older structures also pose
health risks, although they may be less severe than those associated
with 5G technology [4, B|. Consequently, there is an urgent necessity
to mitigate these risks, at least during transmission and reception,
while ensuring high data rates are maintained and the demands of
smart cities are satisfied. This is where one of the key benefits of LiFi
technology comes into play: its precision with light and ability to sup-
port a vast number of users. Furthermore, LiFi is considered very safe
from a health perspective and does not produce significant negative
health effects like other technologies. Additionally, there is a growing
need to connect everything to the internet, known as the Internet of
Things (IoT). LiFi operates within the visible light spectrum, which is
ten thousand times greater than that of radio waves [6-8|. It utilizes
visible light rather than traditional radio waves for data transmission.
Employing the visible light spectrum also implies that LiFi has a re-
duced environmental impact. As is well-documented, the visible light
spectrum has minimal effects on other living entities, such as plants,
animals, and their ecosystems. Therefore, given that LiFi offers en-
hanced security, lower energy usage, and diminished ecological impact,
it can be considered one of the most effective forms of environmentally
friendly technology. In this system, data is transmitted at much higher
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speeds through readily available light sources, eliminating the need for
radio-frequency-based technologies. Voice-activated LiFi monitoring
functions, where LiFi technology serves as a wireless, means to track
device movements based on the operator’s voice using a speech recog-
nition algorithm.

There are numerous benefits to using visible light for data transmis-
sion that outweigh the majority of the drawbacks of electromagnetic
waves that are not within the visible light spectrum (375-780 nm
or 400-800 THz). Thus, it is possible to use visible light as a trans-
ceiver medium [A].

1.1. Mechanism of LiFi Technology

The mechanism of LiFi technology revolves around the use of visible
light for data transmission, which significantly differs from traditional
radio frequency methods. LiFi employs light-emitting diodes (LEDs) to
transmit information by modulating the light intensity at such rapid
rates that it becomes imperceptible to the human eye. This modulation
enables the encoding of binary data, facilitating high-speed communi-
cation. A key aspect influencing LiFi performance is the orientation of
receiving devices, as the channel gain is significantly affected by the
receivers position within the light coverage area [Q] As applications
expand—particularly with the simultaneous rise of internet of things
(IoT) technologies—the demand for bandwidth has surged, leading to
a congested RF spectrum [] LiFi offers a promising alternative, pro-
viding not only high-speed connectivity but also innovative solutions
for energy autonomy in IoT nodes, thus enhancing the overall effec-
tiveness of text transfer systems. The following highlights the
advantages of LiFi in comparison to WiFi.

Source LED bulbs Radio frequencies
Data transmission Data is transmitted Transmission of data is car-
through the light ried out by radiofrequency
Accessibility In Li-Fi, light is blocked In Wi-Fi, a radio wave is
by walls, and data is trans- | not interfered with by walls
ferred securely and requires employing
techniques for the achieve-
ment of secured data.

Continue
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Source LED bulbs Radio frequencies
Data rate 1Gbps 150Mbps, 1-2 Gbps
Frequency ranges 400-700 THz 2.4GHz, 4.9GHz and 5GHz
Range 10m (indoor) About 32 meters, vary
based on transmit power
and antenna type
Network topology Point-to-point Point -to-multipoint
Security High Less than LiFi
Interference Low interference issues like | High interference is-
radio frequency waves. sues from nearby access
points(routers)
Blockage There is high probability of | Blockage is limited
blockage
Shadowing Presence of shadowing No shadowing effect
effect
Outdoor and indoor sta- Low and high respectively | Both are high
bility
Signal to noise ratio Very high May be more
Availability Where there is light there Limited
is LiFi

TaBLE 1. Comparison between WiFi and the LiFi tech-
nologies to illustrate the merits of LiF

1.2. LiFi transmitter

The transmitter uses visible light to deliver text data. In order to set
and switch LEDs at the anticipated transmission rate, it sends the
signal to a data encryption program. When making adjustments, it is
important to keep in mind that the lighting’s intensity should be high-
er than the ambient light. Therefore, the light should be as bright as
it can be after adjustment. A selection of input signals can be merged
with the encoder. Although using a processor during the system im-
plementation stage is a reasonably cost-effective solution, there are
obstacles in the way of achieving a high-performance LiFi system. On
the other hand, the use of an Arduino demands a larger cost However,
it can attain faster performance and has stronger data processing capa-
bilities [@] The emitter LEDs’ switching speed sets a restriction on the
VLC data rate. Furthermore, only transmitted power and background
light sources can be used for long-distance communication [Ell, ] The
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transmission scheme illustrates how connections are made and how a
transmission system is built in Figure 1
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Ficure 1. LiFt Transmitter Module

1.3. LiFi Receiver

The Light Dependent Resistor (LDR) is used to receive the transmit-
ted text data, which is in the form of a bits stream. The LDR con-
verts or demodulates the visible light spectrum into an electrical signal.
Amplification is executed to improve the accuracy of the received data
signal. The final processed signal corresponds to the transmitted light
pulses to be decoded into the original signal. This module can be utilized
with Arduino. The demodulation process at the receiver must align with
the modulation at the transmitter. A simpler transformation method
that may be considered is direct detection. Clock recovery is essential for
synchronizing the receiver with the transmitter. Additionally, the system
will require a protocol management module and a data recovery block/
clock to ensure the received packets are in sync [[1]] In the following

Figure 2/ the receiver scheme shows the method of connections and the
construction of a transmission system.
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Ficure 2. LiFi Receiver Module

1.4. Comparison of LiFi with traditional WiFi in terms of
speed and security

As the demand for faster and more secure wireless communication esca-
lates, a comparison between Light Fidelity (LiFi) and traditional WiFi
becomes increasingly relevant. LiFi offers remarkable advantages in
speed, potentially reaching data transmission rates upwards of 10 Gbps,
significantly outpacing the typical throughput of conventional WiFi,
which usually caps at around 1 Gbps in optimal conditions. Moreover,
the security features inherent in LiFi technology provide a significant
edge. Since LiFi uses light to transmit data, the signal is confined to the
physical boundaries of the illumination area, thereby limiting unauthor-
ized access and enhancing overall security protocols [13]. Furthermore,
LiFi can mitigate interference issues commonly faced by WiFi, which
suffers from bandwidth scarcity and congestion as it is more suscepti-
ble to radio frequency interference. These characteristics make LiFi a
promising alternative for environments requiring high-speed and secure
data transfer, such as in healthcare or corporate settings.
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2. Materials and Methods

The transport system has many components items like Arduino micro-
controller which plays the main role in this system, converting input
data from text into binary bits. Thus, it is from a bits stream that can
be sent as flashing of the LED. This flashing pattern is detected by
photodiode-like LDR in the receiver. The On stage on the LED formed
1 and the Off stage on the LED formed 0. The LDR can be replaced
by a phototransistor in the receiving system. The receiver module has
another Arduino to perform the decoding function, and the final out-
put is displayed on the receiving device. The following shows
the block diagram of the system demonstration to illustrate the LiF'i
transceiver text data.

Transmitter

Data Modulation

' LDR

' Data Demodulation ‘

Reciever

Ficure 3. Block Diagram of LiFi transceiver system
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Figure 4 illustrates the model of interaction between the transmitter
and receiver signals. The VLC channel comprises a line-of-sight (LOS)
and a non-line-of-sight (NLOS). LOS represents the route from the
transmitter to the receiver, forming a direct line between them, with
the associated Euclidean distance indicated by di,u. The angles of ra-
diation and falls related to the LOS path are represented by ¢i,u and
i, u, respectively.

h

Ficure 4. Geometry of VLC propagation indoors, downlink

Various kinds of LEDs have been utilized for data transmission, each
possessing distinct modulation bandwidths, which range from several
tens of MHz (phosphor LEDs) to approximately 100 MHz (RGB LEDs)
and even several hundred MHz (LEDs with enhanced resonance reso-
nators). A photodiode (PD) or a photodiode array utilized for signal
detection is frequently employed on the receiver side [14]. Potential
models for the intensity of radiation from a light-emitting diode and
their associated values of the parameter m for Lambert radiation are
illustrated in Figure 5.
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3. Simplified Design Model

The streamlined text transmission system utilizes light fidelity (LiF1i)
technology. The text transceiver relies on visible light communication
(VLC) optics. The transmitter and receiver are built and connected
to a keyboard with LCD as shown in Figure 6., The transmitter and
receiver components are discussed before.

Transmzitter

The transmitter module aspect of the project consists of an Arduino
board, a keyboard module, an LED, and a liquid crystal display (LCD).
The connection between the elements of the transmission unit is as
described as follows. The keypad module is connected to the Arduino
board to capture user input, which is displayed on the LCD. The LED
is connected to one of the digital pins of the Arduino board and a resis-
tor is connected in series to limit the current flowing through the LED.

When transferring data using LiFi, a certain pattern of streaming bits
seems to make the LED off and on as an input string to form each
character. The pattern of the LED is determined based on the binary
representation of the character being transmitted. The LED is turned
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on and off quickly in a specific pattern that is decoded by the receiv-
er using an LDR.

Receiver

The receiver module aspect of the project consists of another Arduino
board, an LDR, an LED, and an LCD. The LDR is used to detect the
light from the LED on the transmitter side. When the LDR receives
the light from the LED, it converts the light into electrical signals that
can be processed by the Arduino board. In the receiver, the LiFi com-
munication visual feedback is provided using LED. It is connected to
one of the digital pins of the Arduino board and a resistor is connected
in series to limit the current flowing through the LED. shows
the relative spectral sensitivity based on the wavelength of the chosen
LDR. According to the spectrum sensitivity of LDR that is displayed
in , the transmitter system wavelength is set to 935 nm to
overcome interference [A].

In the receiver code, the Arduino reads the input from LDR and de-
codes the LiFi data transmitted by the transmitter. The decoding algo-
rithm is the reverse of the encoding algorithm used in the transmitter.
It takes the binary pattern of the received signal and converts it back
into the original character. Once the character is decoded, it is dis-
played on the LCD.

Ficure 6. Simplified Design Model
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FIGURE 7. Relative Spectral Sensitivity vs Wavelength [4]

4. Results

The text is sent as characters. The transmitter then converts it into a
stream of bits of string using an Arduino, which in turn initializes and
programs the LEDs to send that data of text.

The stream of bits that were transmitted by LEDs is detected by LDR
in the receiver. Then, the Arduino is used to demodulate the received
signal which converts binary format to an integer using programming
language to be displayed on LCD as text. The Text messages were sent
and then received correctly. In the following, the effects of light of dif-
ferent colours on text communication will be discussed.

The influence of light intensity color on the accuracy of text data trans-
mission between the circuits was taken into account. It was reported
that a red lamp shows favorable responses with a photodiode that has
a longer wavelength within the visible spectrum [15]. Initially, measure-
ments were taken of the effect of a small resistor connected in series with
the transmitter circuit; this resistor is typically used to safeguard the
diode [16]. The subsequent Figure § illustrates the impact of intensity
with varying colors when the distance between the LED and the light-de-
pendent resistor (LDR) is fixed at 15 cm. The variation in results is
clear when using 220 ohm and 330 ohm resistors. The 330 ohm resistor
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produced a higher intensity compared to the 220 ohm, indicating that
the resistance utilized influences the light intensity. Therefore, in the
design of the text system, it is crucial to select the appropriate LED
color along with the suitable resistance. As previously mentioned, the
transceiver system consists of a transmitter and receiver that are con-
nected to a keyboard and LCD, as depicted in The compo-

nents of the transmitter and receiver have been discussed earlier.

R=220 ohm mR=330o0hm

120
100
on S0
ﬁ &0
e
20 i
Blue Red

Green White

The colors of LEDs

Ficure 8. The LED’s colors and resistance ef-
fects on the intensity with 15 ¢m distance

Tables @ and B present information regarding the intensity of external
light measured in various LUX levels. The effect of external light on
the quality of text transmission was observed over different distances
between the receiving and transmitting circuits. It was found that, in
the absence of resistance, white light is the most effective color for suc-
cessfully transmitting information, in contrast to other colors. When
a resistor is connected to the diode, there is a significant enhancement
in the quality of information transmission at various distances, par-
ticularly at 60 and 80 cm, attributed to the use of white light, which
suggests that resistors positively impact the transmitter’s performance
since white light is the least affected by external illumination. When
isolating the system from light, the light measurement ranged from
0 to 3, as indicated in The efficiency of white light in trans-
mitting information is remarkably superior to that of other colors. It
can also be concluded that white light is less susceptible to external
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environmental factors and is more effective than other colors for trans-
mitting information.

Distance With resistance Without resistance

in cm Blue Red Green White Blue Red Green White
5 1 1 1 1
10
15
20
25
30
45
60
80 0

Legend 1 — success 0 — fail
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TABLE 2. The results in uninsulated medium

Distance With resistance Without resistance
in cm Red Green White Blue Red Green White
5 0 1 1 1 1 1 1 0
10 0 1 0 0 0 1 1 1
15 0 0 0 1 0 1 1 1
20 0 0 0 1 0 0 0 1
Legend 1 — success 0 — fail

TABLE 3. The results in isolated medium

Conclusion

As LiFi technology advances, the implications for text transfer and other
communication applications become increasingly relevant. This optical
wireless communication approach, which uses LED lights to transport
data, offers not just higher data transfer rates but also improved secu-
rity over standard wireless systems. The integration of LiFi with smart
devices may result in the creation of secure device pairing (SDP) tech-
niques that solve vulnerabilities in existing communication frameworks.
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This will help to build more resilient communication infrastructures,
allowing for secure exchanges of important text information in fields such
as healthcare and banking. Furthermore, as smart lighting systems be-
come more integrated into urban infrastructure, future LiFi applications in
street lighting may improve connectivity and data transfer capabilities for
the Internet of Things (IoT), hence improving total urban communica-
tion networks. Thus, LiFi’s promise extends beyond simple text transfer
to include holistic communication advances across multiple domains.

This paper covers visible light technology and its usefulness in a
wide range of uses and applications, particularly text transmission.
VLC technology offers significant improvements over conventional
wireless technology. This study proposes a simple approach for ac-
curately transferring texts. The system’s broadcast and reception
components, as well as LiFi technology, were clarified. It clarifies
and displays how to send a text signal from one device to another
via visible light. The process of implementing and creating the sys-
tem was covered.

However, budgeting for the system was critical for design and atten-
tion. Troubleshooting and design are ongoing efforts to ensure the suc-
cess of this system. Both the sender and the receiver used the Arduino
to change the text from an integer or character to a binary system as a
bits stream to be delivered, and then the receiver reversed the action to
return the text by converting the bits stream back to an integer. The
bit stream is sent using LEDs and received using LDRs. This article
demonstrated that white is the most efficient colour for transferring
messages from one device to another, and it is the least impacted by
environmental light.
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